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Uni sys
DATE: May 18, 1998 PPM-98-015
TO: J. Dafnisg/303

FROM: K. Sahu/S. Kniffin/300.1
SUBJECT: Radiation Report on CM P-01 (Analog Devices) (LDC 9729)
PROJECT: GOES(ITT)

cc: R. Reed/562, D. Maugd/ITT, C. Chiming/ITT, L. Deemer/300.1, A. Sharma/562, OFA Library/300.1

A radiation evaluation was performed on CMP-01 Voltage Comparator (Analog Devices) to determine the total
dose tolerance of these parts. The total dose testing was performed using a Co®® gamma ray source. During the
radiation testing, eight parts were irradiated under bias (see Figure 1 for bias configuration) and three parts were
used as control samples. The total dose radiation levels were 20.0, 40.0, 60.0, 80.0, 100.0, 150.0, and 200.0 kRads.*
The dose rate was 1.200 kRads/hour (0.33 Rads/s). See Table Il for the radiation schedule and effective dose rate
calculation. After the 200.0 kRad irradiation, the parts were annealed under bias at 25°C and tested after 6, 72 and
240 hours.? After each radiation exposure and annealing treatment, parts were electrically tested according to the
test conditions and the specification limits® listed in Table I11. An executive summary of the test results is provided
below in bold, followed by a detailed summary of the test results after each radiation level and annealing step. For
detailed information, refer to Tables | through IV and Figure 1.

All eight irradiated parts stayed within the specification limits for all tests performed at V¢ = 5V through
200kRads. For tests performed at Vcc = 15V, parts stayed within the specification limits up to 60kRads.
After the 80 to 200kRad exposures, the parts showed some degradation in xlbiasl and 2 and CMRR. After
annealing the parts under bias at 25°C for 240 hours, the parts showed significant recovery in iosl and ios2
with all parts passing these tests and some recovery in tibias 1 and +ibias 2. No significant recovery was
noted in any other parameter.

Initial electrical measurements were made on 10 samples. Eight samples (SN’s 625, 646, 655, 665, 668, 669, 676,
and 685) were used as radiation samples while SN’s 624 and 654 were used as control samples. All parts passed all
tests during initial electrical measurements.

All parts passed all tests up to 60.0 kRads.

After the 80.0 kRad irradiation, four parts exceeded the specification limit of 600nA for ibiasl 15V with readings
in the range of 603 to 663nA. Four parts exceeded the specification limit of 600nA for +ibias2_15V with readings
in the range of 603 to 662nA. SN's 665 and 669 fell marginally below the specification limit of 94dB for cmrr_15V
with readings of 74 and 83dB respectively. All parts passed all other tests.

After the 100.0 kRad irradiation, most parts exceeded the specification limit for tibiasl 15V with readings in the
range of 601 to 692nA. Five parts exceeded the specification limit for tibias2 15V with readings in the range of
608 to 691nA. SN’s 665 and 669 fell marginally below the specification limit for cmrr_15V with readings of 74 and
83dB respectively. All partspassed all other tests.

After the 150.0 kRad irradiation, all parts exceeded the specification limit for +ibiasl 15V with readings in the
range of 915 to 1070nA. All parts exceeded the specification limit for tibias2 15V with readings in the range of
914 to 1069nA. SN'’s 665 and 669 fell marginally below the specification limit for cmrr_15V with readings of 89
and 88dB respectively. All partspassed all other tests.

! The term Rads, as used in this document, means Rads (silicon). All radiation levels cited are cumulative.

2 The temperature 25°C as used in this document implies room temperature.

% These are manufacturer’s pre-irradiation data specification limits. The manufacturer provided no post-irradiation
limits at the time these tests were performed.
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After the 200.0 kRad irradiation, all parts exceeded the specification limit for +ibiasl 15V with readings in the
range of 736 to 971nA. All parts exceeded the specification limit of 25nA for iosl and 2 with readings in the range
of 32 to 43nA. All parts exceeded the specification limit for tibias2 15V with readings in the range of 734 to
970nA. SN’s 665 and 669 fell marginally below the specification limit for cmrr_15V with readings of 89 and 88dB
respectively. All partspassed all other tests.

After annealing the parts for 6 hours at 25°C, parts showed no significant recovery in any parameter.

After annealing the parts for 72 hours at 25°C, parts showed modest recovery in iosl, i0s2, ibiasl 15V and
+ibias2_15V and no significant changes in any other parameters.

After annealing the parts for 240 hours at 25°C, parts showed significant recovery in iosl and ios2 with all parts
passing these tests. Parts also showed significant recovery in tibias 1 and _2 with readings in the range of 595 to
760nA for al.

Table IV provides a summary of the test results with the mean and standard deviation values for each parameter
after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call us at
(301) 731-8954.

ADVISORY ON THE USE OF THISDOCUMENT

The information contained in this document has been developed solely for the
purpose of providing general guidance to employees of the Goddard Space
Flight Center (GSFC). This document may be distributed outside GSFC only as
a courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the information contained herein, is
expressly conditional upon, and is subject to, the following understandings and
limitations:

(8) The information was developed for general guidance only and is subject to
change at any time;

(b) The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions;

(c) GSFC does not warrant the accuracy of the information when applied or used
under other than unique GSFC laboratory conditions;

(d) The information should not be construed as a representation of product
performance by either GSFC or the manufacturer;

(e) Neither the United States government nor any person acting on behalf of the
United States government assumes any liability resulting from the application or
use of the information.
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Figure 1. Radiation Bias Circuit for CMP-01
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Notes:

1. RL=1kW10%, YaW.

2. +Vg=+15V £5%, -Vg=-15V £5%, V,y = 2.5V £5%.

3. C=0.1nF only if oscillations are observed on pin 7. (Not used in this testing.)
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TABLE I. Part Information

Generic Part Number:

GOESITT Part Number

Charge Number:

Manufacturer:

Lot Date Code (LDC):

Quantity Tested:

Serial Number of Control Samples:
Serial Numbers of Radiation Samples:
Part Function:

Part Technology:

Package Style:

Test Equipment:

Test Engineer:

CMP-01

CMP-01
C80709/C80825
Analog Devices
9729

10

624, 654

625, 646, 655, 665, 668, 669, 676, and 685
V oltage Comparator
Bipolar

8-Pin DIP

A540

S. Archer-Davies

The manufacturer for this part guaranteed no radiation tolerance/hardness.
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TABLE Il. Radiation Schedule for CMP-01

BV ENT L s DATE

1) INITIAL ELECTRICAL MEASUREMENTS......ccoiiiiiieirtrieesie et 04/20/98
2) 20.0 KRAD IRRADIATION (1.200 KRADSHOURY) ......coviririrririeriiinenrereesnsee e s 04/20/98
POST-20.0 KRAD ELECTRICAL MEASUREMENT ....ociiiiiiceri e 04/21/98
3) 40.0 KRAD IRRADIATION (1.200 KRADSHOURY) ......coveririrririerinrinesrereesreesrere s es 04/21/98
POST-40.0 KRAD ELECTRICAL MEASUREMENT ....ooiiiiiiie e 04/22/98
4) 60.0 KRAD IRRADIATION (1.200 KRADS/HOUR) .....coovirmeriirieriniriereesreienesnereese s 04/22/98
POST-60.0 KRAD ELECTRICAL MEASUREMENT ....ooiiiiiice e e 04/23/98
5) 80.0 KRAD IRRADIATION (1.200 KRADSHOURY) ......coeirirririeririnenrereesrereesrereesr s 04/23/98
POST-80.0 KRAD ELECTRICAL MEASUREMENT ....ooiiiiiiie e 04/24/98
6) 100.0 KRAD IRRADIATION (0.278 KRADSHOUR) * ......ocoiriiiiririrerreeenreee e 04/24/98
POST-100.0 KRAD ELECTRICAL MEASUREMENT .....ooiiiiiiii e 04/27/98
7) 150.0 KRAD IRRADIATION (1.200 KRADS/HOUR) ....ccooviirririirierienreeesree e 04/27/98
POST-150.0 KRAD ELECTRICAL MEASUREMENT ..ottt 04/29/98
8) 200.0 KRAD IRRADIATION (0.450 KRADS/HOURY) ....ccoovirirririiririnesrereesree s 04/29/98
POST-200.0 KRAD ELECTRICAL MEASUREMENT ..ot 05/01/98
9) 6 HOUR ANNEALING @25°C .....ooeuieireriirrereesrerenessereese e ssesse s s sessesesessesesesssssssssssesesesssnees 05/01/98
POST-4 HOUR ANNEAL ELECTRICAL MEASUREMENT .....ccoiiiiiiie e 05/01/98
10) 72 HOUR ANNEALING @25°C **.......ooiirireeriesieeneseeeesrerese s snsne e sesnessenas 05/01/98
POST-72 HOUR ANNEAL ELECTRICAL MEASUREMENT ..ot 05/04/98
11) 240 HOUR ANNEALING @25°C *** ... oo 05/01/98
POST-240 HOUR ANNEAL ELECTRICAL MEASUREMENT ..ottt 05/11/98

Effective Dose Rate = 200,000 RADS/11 DAY S=757.5 RADS/HOUR=0.21 RADS/SEC

The effective dose rate is lower than that of the individual radiation steps as it takes into account the interim-
annealing step.

* The dose rate was adjusted to allow the parts to receive radiation dose over the weekend.

** This annealing time was increased to 72 hours due to the weekend.

*** This annealing step was extended due to the weekend.

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS, SEE FIGURE 1.
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Tablelll. Electrical Characteristicsof CMP-01 /1

Test Spec. Lim.
# Parameter /2 Units Test Conditions min max
1 |Idd_+5Vv mA |V £ -10mV 001 | 320
2 |ldd_+15V mA |V y £ -10mV 001 | 800
3 |ldd_-15Vv mA|V,y £ -10mV -2.20 0
4 |power_diss mW|V,y £ -10mV 0 153
5 |vos 0.4 at_5V mV|Vg = 0.4V, Rg £ 5kW -150 | 150
6 |vos 2.4 at 5V mV (Vg = 2.4V, Rs £ 5kW -150 | 150
7 |vos 0.4 at_15V mV|Vg = 0.4V, Rg £ 5kW -0.80 | 0.80
8 |vos 2.4 at_15V mV|Vo = 2.4V, Rs £ 5kW -0.80 | 0.80
9 |+ibiasl 5V NA[Rg = 5kW, Vs = 2.5V 500
10 |-ibiasl_5V NA[Rg = 5kW, Vs = 2.5V 500
11 |iosl_5V NA|Rg = 10kW, Vg = 2.5V -21 21
12 |+ibias2 5V NA[Rg = 5kW, Vs = +2.5V 500
13 |-ibias2_5V NA|Rg = 5kW, Vg = 2.5V 500
14 lios2 5V NA|Rg = 10kW, Vg = +2.5V -21 21
15 |+ibiasl 15V nA[Rg = 5kW 600
16 |-ibiasl_15V NA|Rs = 5kW 600
17 liosl_15V nA|Rs = 10kW -25 25
18 [+ibias2_15V NA|Rg = 5kW 600
19 |-ibias2_15V NA|Rs = 5kW 600
20 lios2 15V NA|Rg = 10kW -25 25
21 |voll_15V V|Vin £ -10mV, lgn = OMA 0 0.40
22 |vol2_15V VIVin £ -10mV, lgn £ 6.4mMA 0 0.45
23 |vol3 15V V|V N £ -10mV, lgn £ 12mA 0 0.50
24 |vohl 15V V|Vn23 3mV, o = 320mA 24 6.0
25 |voh2 15V VIVin3 3mV, I = 240mA 24 6.0
26 |voh3 15V V|Vin23 3mV, Io = OmA 24 6.0
27 |Avo_15V V/mV Vg = 0.4V to 2.4V 200
28 |l leak NA[Vy3 10mV, Vo = +30V 0 2000
29 |+psrr dB|5V £ +Vs£18V 80
30 |-psrr dB|-18V £ -Vs £ OV 80
31 |emrr_15V dB[Vgt = 15V, Vg = OV 94
32 |emrr_5V dB|Vst =5V, Vs =0V 80

Notes:

1/ These are the manufacturer’s non-irradiated data sheet specification limits. The manufacturer provided no post-
irradiation limits at the time the tests were performed.

2/ For al tests, those with _5V imply Vg = 5V and those with _15V imply Vs = +15V except where otherwise
noted.



TABLE IV: Summary of Electr a1 ttesde rash e S afer et B0 B gbsifes and Annealing for CMP-01 /1
Total Dose Exposur e (kRads Si) Annealing
Initial {20.0 40.0 60.0 80.0 100.0 150.0 200.0 6 hours 72 hours 240 hours

Test Spec. Lim. /2 @25°C @25°C @25°C

# Parameters Unitt min max |[mean sd |mean sd |mean sd |mean sd [mean sd [mean sd |[mean sd |mean sd |mean sd [mean sd [mean
1 (Idd_+5V mA| 0.01 | 320 | 0.94 [ 0.09 | 095 | 010 | 0.97 | 0.12| 097 | 012 | 0.96 | 0.12| 098 | 0.12 | 095 | 0.11 | 1.03 | 0.14 | 1.03 | 0.14 | 1.03 | 0.14 | 1.03 | 0.14
2 |ldd_+15V mA| 0.01 | 800 | 546 | 0.16 | 534 | 016 | 529 | 0.14 | 526 | 0.14 | 523 | 0.13 | 520 | 0.13 | 5.09 | 0.15 | 517 | 0.14 | 518 | 0.15 | 520 | 0.15 [ 522 | 0.15
3 |ldd_-15Vv mA|-220( O |-1.43( 0.06 |-1.35| 0.06 |-1.30| 0.05 | -1.28| 0.05 | -1.27 | 0.05 | -1.27| 0.05 | -1.16 | 0.06 | -1.25| 0.05 | -1.26 | 0.05 | -1.28 | 0.05 [ -1.30| 0.06
4 |power_diss mwW| O 153 ) 60 | 16 | 60 | 16 | 60 | 16 | 60 | 16 | 59 [ 15| 59 | 14 | 59 | 16 | 59 | 15| 59 | 15| 59 | 1.5 | 59 | 15
5 |vos 04 at 5V mvVv|-150| 150 06 | 02 ( 04 | 02 | 04 | 02 | 04| 02 | 04| 02 | 04| 02| 03| 02| 03] 03| 03|03]| 03] 03|03]|03
6 |vos 24 at 5V mv|-150| 150} -03| 02 | -05| 02 | -05| 02 |-05| 02| -05| 02 |-06| 02]|-07|02]|-07]|] 03]|-07|03]|-07] 03]|-07]| 03
7 |vos 0.4 at_15\ mV|-0.80| 080] 08 | 01 ( 06 | 0.1 | 06 0O |-04|02|02|04)01|03|02|03]|-01| 0|-01|] O |-01 O0F|-01] 03
8 |vos 24 at_15\ mv|-0.80|08]) -03| 01(|-04( O |04 O (04| O |04 O |(-04| O |04 O |-04]|] O |-04| O |-04] 02]|-04| 02
9 |[+ibiasl 5V nA 500 0 1 0 1 0 0 0 1 0 1 0 0 -1 1 -1 1 0 1 0 1 0 0
10 |-ibiasl_5V nA 500 0 0 0 0 0 1 0 0 0 1 0 0 0 1 -1 1 0 1 0 1 0 0
11 |iosl 5V nA| -21 | 21 1 2 0 1 0 1 0 1 0 1 0 0 0 2 0 1 1 2 0 2 0 0
12 |+ibias2_5V nA 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 |-ibias2 5V nA 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 |ios2_5V nA|l -21 | 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 |+ibiasl_15V nA 600 | 288 | 29 | 396 | 34 | 483 | 44 | 543 | 48 | 610 | 48 | 626 | 46 | 1048 92 | 895 | 66 | 859 [ 62 | 759 | 52 | 692 | 53
16 |-ibiasl_15V nA 600 | 290 | 30 | 390 | 34 | 474 | 44 [ 533 | 47 | 594 | 50 | 609 | 44 |1048| 92 | 858 | 63 | 824 [ 59 | 730 | 50 | 670 | 52
17 liosl 15V nA| -25 25 -2 2 7 3 9 3 10 3 16 9 17 5 0 3 37 4 35 4 25 5 22 3
18 |+ibias2_15V nA 600 | 287 | 29 | 395 | 34 | 482 | 44 [ 542 | 48 | 609 | 48 | 626 | 46 |1047| 92 | 894 | 65 | 858 | 61 | 758 | 51 | 691 | 53
19 |-ibias2 15V nA 600 | 290 | 30 | 390 | 34 | 473 | 44 [ 532 | 47 | 593 | 50 | 608 | 44 |1047| 92 | 857 | 63 | 823 | 59 | 729 | 49 | 670 | 52
20 |ios2_15V nA| -25 | 25 -3 2 7 3 9 2 10 3 16 8 17 5 -1 3 37 4 35 4 25 5 21 3
21 |voll 15V V| O [040] 014|003 014 | 0.03]| 014 003 | 0.14| 0.03 | 0.14 | 0.03 | 0.14 | 0.03 | 0.14 | 0.02 | 0.13 | 0.03 | 0.13 | 0.03 | 0.13 | 0.03 | 0.14 | 0.03
22 |vol2_15V V| O [045] 029|003 |029|0.03|0.29 003 029|0.03| 0.30|003|030]|0.03|0.30|003|030]|0.03[029|0.03]|0.29]|0.03|0.30]|0.04
23 |vol3_15V V| O [050f 040|003 040|0.03| 040 003 040|0.03| 042 0.04| 042]0.03| 042|004 | 041 | 0.03 | 041 | 0.04 | 041 | 0.04 | 0.42 | 0.05
24 |vohl_ 15V V|24 |60) 54|01 |54)|01|54|(01|53]01|53|01|53|01|53|01]|53|]01(|054]|01]|54(|01]|053]01
25 |voh2 15V V| 24 6.0 4.1 01 | 41 01 | 41 0.1 | 40 0.1 | 40 0.1 | 40 0.1 | 40 0.1 | 40 0.1 | 40 0.1 | 40 0.1 | 40 0.1
26 |voh3_15V V| 24|60} 3801238013801 |37)01|37|01|37|01(|37|01)37|01|37]|01]|37|01]|37] 01
27 |Avo_15Vv v/imV| 200 262 3 262 3 261 2 260 260 260 1 261 1 261 1 261 260 1 260 1
28 |I_leak nAl 0 |2000)] 5 0 5 0 5 0 5 5 5 0 5 0 5 0 5 5 5.7 2
29 |+psrr dB| 80 102 21 106 22 110 23 111 24 109 24 111 23 116 24 118 24 118 24 117 24 116 25
30 [-psrr dB| 80 125 9 124 8 123 7 122 6 124 9 123 7 120 4 122 6 121 6 122 5 122 5
31 (cmrr_15V dB| %4 101 21 101 20 101 19 101 18 102 16 104 14 104 10 103 11 103 11 101 14 99 16
32 [emrr_5V dB| 80 117 1 83 0 83 0 83 0 83 0 83 0 83 0 83 0 83 0 83 0 83 0
Notes:

1/ Themean and standard deviation values were calculated over the eight partsirradiated in thistesting. The control samples remained constant throughout testing and are not included in thistable.
2/ These are manufacturer's pre-irradiation data sheet specification limits. No post-irradiation limits were provided by the manufacturer at the time the tests were performed.
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Radiation sensitive parameters: ?ibiasl_15V, ?ibias2_15V, iosl, ios2, cmrr_15V.



